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Successive fungal colonization of leaves of Bruguiera gymnorrhiza (L.) Lam. was investigated at Beachwood 
Mangrove Nature Reserve, Durban, using a litterbag technique. Bags of two different mesh sizes were used 
(1.0 x 0.5 mm and 2.5 x 5 mm), but no significant differences in mass loss were observed over a period of 
18 weeks. Fusarium spp., Penicillium spp., Trichoderma sp., Verticillium sp. and Phoma sp., amongst others, 
colonized the leaves prior to and after submergence. The phylloplane fungi did not break down leaf 
components whilst the leaf was living. After submergence, microbial colonization increased. Cellulolytic assay 
demonstrated that all of the isolated fungi, except Mucor sp., were able to degrade cellulose. The C:N ratio of 
the litter decreased from 143.6:1 to 28.4:1, indicating an increase in nutrient value with decomposition. This 
work revealed the presence of some fungal taxa, most of which possess in vitro cellulolytic activity. 
Die rol van fungusse by die ontbinding van die blare van Bruguiera gymnorrhiza (L.) Lam. is met behulp van 
die afvalsak-tegniek in die Beachwood Mangliet-natuurreservaat, Durban, ondersoek. Sakke met twee 
verskillende maasgroottes (1.0 x 0.5 mm en 2.5 x 5 mm) is gebruik, maar geen betekenisvolle verskille in 
massaverlies is oor 'n tydperk van 18 weke waargeneem nie. Fusarium spp., Penicillium spp., Trichoderma 
sp., Verticillium sp. en Phoma sp. het die blare voor en na onderdompeling gekoloniseer. Die blaarlewende 
fungusse het blaarkomponente nie afgebreek terwyl die blaar nog lewend was nie. Na onderdompeling het 
mikrobiese kolonisering toegeneem. Sellulolitiese bepaling het getoon dat al die fungusse wat ge'lsoleer is, 
behalwe Mucor sp., sellulose kan afbreek. Die C:N-verhouding van die afval het afgeneem van 143.6:1 tot 
28.4:1, 'n aanduiding van 'n toename in voedingswaarde met ontbinding. Hierdie werk het die aanwesigheid 
van swamtaxa, waarvan die meeste oor in vitro-sellulolitiese aktiwiteit beskik, aan die lig gebring. 
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Introduction 
In estuaries macrophyte litter material is consumed in part 
directly by herbivores (Fenchel 1972; Odum et al. 1972; 
Robertson 1986). The remaining material must be converted 
to microbial biomass prior to utilization by primary con-
sumers (Hargrave 1976; Tenore 1977). There has been con-
siderable doubt about the importance of fungi in marine 
systems (Ferguson-Wood 1975; Hanson & Wiebe 1977) -
the only significant primary decomposers of plant material 
in the sea were considered to be bacteria (Fenchel 1972). 
There is increasing evidence that fungi do have an important 
function in the decomposition of plant litter in coastal 
marine systems (Fell & Newell 1981). Their role in man-
grove wood decay is well documented (Kohlmeyer & Kohl-
meyer 1979; Hyde & Jones 1988). However, studies of 
microbial participation in mangrove leaf litter breakdown 
have resulted in different conclusions regarding the 
importance of fungi in the process. Cundell et al. (1979) 
found that fungi were late colonizers not occupying leaves 
of Rhizophora mangle L. until 4 weeks after submergence, 
while Benner and Hodson (1985) also concluded that fungi 
participated minimally in the mineralization of the ligno-
cellulosic component of leaves of R. mangle. On the other 
hand, Fell and Master (1973, 1975, 1980) reported on the 
association and role of fungi in R. mangle leaf degradation. 
Newell et al. (1987) demonstrated that fungi began colo-
nizing leaves of R. mangle after 2 h of submergence. In an 
attempt to provide further evidence of the role of fungi in 
leaf decomposition, a ~tudy was undertaken with leaves of 
Bruguiera gymnorrhiza, at Beachwood Mangrove, Durban, 
South Africa. 
Materials and Methods 
Bags of two different mesh sizes were used in this investiga-
tion. Large mesh bags (25.5 x 22 cm), mesh size 2.5 x 5 
mm, and small mesh bags (13 x 22 cm), mesh size 1.0 x 
0.5 mm. Leaves were hand-picked from trees of B. gymnor-
rhiza. The leaves collected were yellow, close to abscission 
and detached easily from the parent tree. In the laboratory 
they were divided into 88 groups, each of ca. 21 leaves with 
a fresh mass of 49.95 ± 0.2 g. Each weighed group was 
placed in a large mesh bag. Bags were ruched closed with 
fishing line which was threaded through a hole in one of 
three wooden stakes each carrying 26, 26 and 28 bags, re-
spectively. The bags were arranged to prevent overlapping. 
A similar procedure was followed for the small mesh bags, 
except that only 44 bags were used. Each bag contained ca. 
12 leaves with a fresh mass of 28.00 ± 0.2 g. One stake was 
used to carry the closed bags. The next morning the stakes 
were hammered into the mud at the research site in the 
creek to a height of about 10 cm, so that bags were sub-
merged even during low tide. 
Bags were collected after 0, 1, 2, 3, 5, 7, 9, 11, 13, 16 
and 18 weeks of submergence. Eight large and 4 small mesh 
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bags were removed and returned to the laboratory within 45 
min of collection, in sterile plastic bags. The contents of 
each of 4 large and 4 small mesh bags were individually 
washed in gently flowing tap water within a brass sieve 
(mesh size 0.20 mm). Washed leaves were dfied in a labora-
tory oven at 80°C and weighed on attaining constant mass 
3 days later. 
Dried and weighed material was ground in a Casella mill 
to pass through a I-mm pore size sieve and stored in glass 
poly top vials at -10°C for analysis. Large mesh bag ma-
terial was used for nitrogen and carbon analyses, whereas 
small mesh bag material was used for dry mass detennina-
tions only. 
Total nitrogen and carbon analyses 
Total nitrogen content was determined by the micro-
Kjeldahl method (Horwitz 1965). 
Samples were analysed for carbon content in a Coleman 
Carbon-Hydrogen Analyzer Model 33 where the furnaces 
were set at ca. 850°C and the oxygen flow rate was adjusted 
to 10 psi. Acetanilide (CH3CONHC6Hs, molecular mass 
135.17) was used as the standard. Four replicates per sample 
were analysed for nitrogen and carbon. 
Fungal isolation 
After each litterbag collection, a random sample of leaves 
from the remaining 4 large mesh bags was observed under a 
dissecting microscope for in situ development of fungi. 
Thereafter, the remaining leaves were repeatedly washed in 
sterile distilled water containing 0.05% Tween 20. A 
random sample was cut into large squares of ca. 10 X 10 
mm. They were surface-sterilized in distilled water con-
taining 0.05% sodium hypochlorite for 15 min with gentle 
hand-agitation for 1 min every 5 min. This was followed by 
rinsing of 2 changes in sterile distilled water, with 1 min 
hand agitation in each. Smaller squares, ca. 1.5 X 1.5 mm 
cut from the treated leaf sample, were plated on com meal 
agar prepared in 15%0 seawater. The salinity of 15%0 was 
chosen because it fell in the midpoint of the range of 
salinities encountered at the experimental site (Raiman 
1986) and because obligate marine fungi will grow and fruit 
on media of this salinity (Jones et al. 1971). Chloramphen-
icol was added at 0.02% to prevent bacterial growth 
(adapted from Anastasiou & Churchland 1969; Fell et al. 
1975; Fell & Master 1975). Sixteen plates, each containing 
six 1.5 X 1.5 mm leaf squares, were prepared at each 
harvest. 
To detennine the phylloplane fungi present, young, 
mature and senescent leaves of B. gymnorrhiza were picked 
from the trees monthly when the litterbags were retrieved. 
Leaf squares ca. 1.5 X 1.5 mm were excised and plated on 
corn meal agar (15%0) containing 0.02% chloramphenicol. 
Six plates of each leaf type were prepared, each containing 
six 1.5 X 1.5 mm leaf squares. 
All plates were incubated at 25°C in the dark and ob-
served after 3 days, then weekly, over a period of 4 weeks 
for appearance and development of fungi, with subsequent 
identification. 
The fungi were subcultured to obtain pure cultures. 
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Microscope slides were prepared using lactophenol contain-
ing 0.2% cotton blue to stain fungi. They were photo-
graphed with a Reichert pnotomicroscope. 
Cellulolytic activity 
The isolated fungi were assayed for cellulolytic activity 
according to a method described by Rautela and Cowling 
(1966). However, the yeast extract was omitted from the 
growing medium (adapted from Bravery 1968) and con-
tained therefore only cellulose as carbon source. 
A fungus which is able to degrade cellulose, secretes 
cellulolytic enzymes that dissolve the cellulose substrate and 
consequently creates a sharply defined clear zone in the 
medium beneath the growing culture (Rautela & Cowling 
1966). This sharply defined clear zone is referred to as depth 
of clearing (DC). DC in the tubes was measured weekly. 
Results 
Statistical analysis 
The standard error of each result, except cellulolytic activity 
of fungi, was calculated. Wherever possible, the results were 
further subjected to analysis of variance. When significant 
difference were detected, means were separated by the 
student-Neumann-Keuls test (Schefler 1980). 
Dry-matter yield 
The rate of loss of dry matter within the small mesh bags 
was similar to, and not significantly different from, that of 
the large mesh bags (Figure 1). Significant decreases (P < 
0.05) were recorded up to week 7 in both bag types. At this 
stage, mass loss in the large and small bags was 61.56 and 
53.51 %, respectively, of the original. At week 18, 32.35% 
of the original mass remained in the large mesh bags and 
36.00% in the small mesh bags, which represented mass 
losses of 67.65 and 64.00%, respectively. 
Percentage nitrogen 
Percentage nitrogen increased from an initial value of 0.35 
to 0.73% at week 3 and then, after a gradual increase, rose 
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Figure 1 Dry-matter losses of leaf litter of B. gymnorrhiza 
during decomposition under submerged conditions in large and 
small mesh bags. Vertical bars represent one standard error. 
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sharply to 1.14% at week 18 (Figure 2). Analysis of vari-
ance showed that the greatest significant increases (P < 
0.05) occurred at weeks 3 and 18. 
Percentage carbon 
Although decreases between harvests were ussually not sig-
nificantly different, there was a significant (P < 0.05) over-
all decrease in carbon percentage during the study period 
(Figure 3). 
Fungal isolations 
Nigrospora sp., Cladosporium sp., Pestalotiopsis sp. and 
unidentified yeasts colonized the leaf surfaces prior to leaf 
fall. Fusarium sp. was recorded after one week of leaf 
submergence. Achyla sp. was observed (in situ) on the leaf 
surface after two weeks of submergence. At this stage, 
Alternaria sp., Trichoderma sp. and Penicillium sp. were 
also isolated from the leaves. Other colonizers included 
Mucor sp., Acremonium spp., Cladosporium sp., Phoma sp. 
and Aspergillus spp. Phoma sp., isolated at week 5, was not 
recorded for the next seven weeks and then reappeared at 
week 13. The only new isolate at this late stage was Verti-
cil/ium sp. There appeared to be two recognizable stages of 
fungal colonization. The first was that of the fungal inhabi-
tants on leaves still attached to the parent trees. These were 
the primary phylloplane fungi. The second stage, post 
abscission, as initiated by submergence in water. Still pre-
vailing in this second stage, however, were Pestalotiopsis 
sp. and Cladosporium sp. Otherwise, a new mycocommun-
ity had developed and included Fusarium spp., Penicillium 
spp. and Trichoderma sp. Other colonizers included 
Alternaria sp., Acremonium spp., Aspergillus spp., Phoma 
sp. and Verticil/ium sp. with the last two being more 
important in the later stages of leaf decomposition. The 
sequence of fungi on the leaves of B. gymnorrhiza during 
decomposition is shown in Figure 4. 
Cellulolytic activity 
High levels of activity were exhibited by Fusarium spp. and 
Trichoderma sp. (DCs 29 - 30 mm). Alternaria sp., 
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Figure 2 Increase in percentage nitrogen of leaf litter of B. 
gymnorrhiza during decomposition under submerged conditions. 
Vertical bars represent one standard error. 
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Aspergillus sp. i, Phoma sp. and Pencillium sp. i were 
slightly less active (DCs 15 - 21.5 mm). Penicillium sp. ii, 
Acremonium sp. ii, and Cladosporium sp. fell in the middle 
range (DCs ca. 15 mm). The lowest activities were 
exhibited by Pestalotiopsis sp., Verticillium sp., Aspergillus 
sp. ii and Acremonium sp. i (DCs ca. 10 mm) (Figure 5). 
Mucor sp. did not exhibit cellulolytic activity. Regrettably, 
Nigrospora sp. was not assayed as it was lost during 
isolations. 
Discussion 
In leaf decomposition studies, the most common method 
used to position leaves in the field is by placing them into 
mesh bags - litterbags (Swift et al. 1979). A variety of 
mesh sizes was used. In this study there were no significant 
differences in mass losses of the leaf litter in bags of differ-
ent mesh sizes, supporting findings by Heald (1971), Goul-
ter and Allaway (1979) and Fell and Master (1980). 
Initial sharp mass losses found to occur in previous 
studies, may be attributed to leaching of dissolved organic 
matter (DOM) (Odum et al. 1972; Cundell et al. 1979; Fell 
et al. 1984, Van der Valk & Attiwill 1984; Benner & 
Hodson 1985; Steinke & Ward 1987). It is probable that 
much of the initial decrease within the first three weeks in 
this study could be attributed to leaching of DOM. Leaching 
of DOM may have accounted for 24.8 - 41.0% and 17.6 -
31.7% of the initial dry mass of leaves in the large and small 
mesh bags, respectively. A slower, more constant loss of 
mass thereafter was probably due largely to microbial action 
of the more resistant, lignocellulosic material. Slower rates 
of decomposition towards the end of the study, in June, may 
also have been temperature-related, as this phase coincided 
with the onset of lower temperatures. 
Although some of the phylloplane fungi in this study 
were shown to be cellulolytic, their activities were not 
evident in the living leaves, as biodegradation was not 
observed. It is probable that phenolic deposits may have had 
an inhibitory effect on their initial growth (Singh et al. 
1991). After leaf fall and submergence, an increase in fungal 
colonization was observed. Fusarium spp., Trichoderma sp., 
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Figure 3 Decrease in percentage carbon of leaf litter of B. 
gymnorrhiza during decomposition under submerged conditions. 
Vertical bars represent one standard error. 
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Nigrospora sp . 
Cladusporium sp. _ 
I'cs(;lIoliopsis sp. 
Fusarium sp. i 
Alternaria sp. 
Achlya sp. 
TridlOuerma sp. 
Acrcmonium sp. i 
Mucor sp. 
FusariulII sp . ii 
Penicillium sp. i 
PenkilliullI sp. ii 
AcrcmoniulIl sp. ii 
Aspergillus sp. i 
Aspergillus sp. ii 
VcrlicilliulII sp. 
Phollla sp. 
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Figure 4 Sequence of fungi on leaves of B. gymnorrhiza during decomposition studies . Horizontal lines represent stages in which the 
fungus was recorded. 
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Figure 5 Bar representation of the cellulolytic activity of fungi 
isolated during decomposition of leaves of B. gymnorrhiza. after 5 
weeks of assay. 
Penicillium spp., Aspergillus spp., Alternaria sp., Acre-
monium spp. and Phoma sp. were abundant and were found 
to be active in cellulose degradation in vitro. 
Trichoderma sp. and Fusarium spp. appeared to dominate 
the decomposition of the leaves of B. gymnorrhiza (Figures 
4 & 5). Much of the decomposition of the leaves of R. 
mangle was attributed to Trichoderma sp. where it reached 
100% frequency in old leaf remains (Fell & Master 1980). 
Rai and Chowdhery (1976) and Araujo et al. (1981) also 
reported high levels of cellulolytic activity for Trichoderma 
lignorum and Fusarium sp., respectively. 
The combined events of leaching and microbial coloniza-
tion appeared to contribute to the loss of carbon and leaf 
mass, while the increase in nitrogen was probably due to the 
accumulation of microbial proteins (Benner & Hodson 
1985). Enzyme assay also revealed high cellulolytic activity 
by many of the fungi isolated in this study. The C:N ratio of 
the leaf litter decreased from 143.6: 1 to 28.4: I, indicating an 
increase in nutrient value with an increase in decomposition 
(Heald 1971 ; Kaushik & Hynes 1971; Cundell et al. 1979). 
SEM studies on the same leaves (Singh et al. 1991) also 
revealed the infiltration of fungi within the leaf tissues. This 
indicates that fungal protein may have contributed to the 
increase in nitrogen in decomposition, further supporting the 
role of fungi in making the decomposing material a more 
palatable source of food for detritivores. 
Of all the genera of imperfect fungi isolated in this study, 
only Alternaria sp., Cladosporium sp. and Phoma sp. could 
have been obligate marine fungi (Kohlmeyer & Kohlmeyer 
1979). However, none of these were identified to species 
level. Kohlmeyer and Kohlmeyer (1979) argued that studies 
such as those by Fell and Master (1973, 1975) and Fell et al. 
(1975), and therefore also the present study, did not prove 
conclusively that the species isolated were active in the 
marine habitat. However, in support of this study, SEM 
investigations clearly revealed the growth of fungi in situ on 
the leaf surfaces and within leaf tissues (Singh et al. 1991). 
While accepting that some of the fungi might have been 
present only as spores, we believe that most of the isolated 
fungi were active in the leaf decomposition. Many of the 
present isolates were also reported by Steinke et al. (1990) 
in a similar investigation. 
Oomycetous fungi which were isolated by other workers 
during early stages of leaf decomposition (Fell et al. 1975; 
Newell et al. 1987) were not recorded in this study. It is 
suspected that the use of chloramphenicol (200 mg rl) 
might have selected against the lower fungi, as Newell et al. 
(1987) demonstrated that a concentration of 140 mg rl may 
give the non-oomycetous fungi a competitive advantage in 
culture. However, in the laboratory, oomycetous fungi have 
since been isolated from decomposing leaves incubated in 
water which lacked chloramphenicol. 
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